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ABSTRACT 
The indecision surrounding the definition of Technology extends to the 
classroom as not knowing what a subject “is” affects how it is taught. 
Similarly, its relative newness – and consequent lack of habitus in school 
settings - means that it is still struggling to find its own place in the 
curriculum as well as resolve its relationship with more established subject 
domains, particularly Science and Mathematics. The guidance from 
syllabus documents points to open-ended student-directed projects where 
extant studies indicate a more common experience of teacher –directed 
activities and an emphasis on product over process. There are issues too 
for researchers in documenting classroom observations and in analysing 
teacher practice in new learning environments. This paper presents a 
framework for defining and mapping classroom practice and for 
attempting to describe the social practice in the Technology classroom. 
The framework is a bricolage which draws on contemporary research.  
More formally, the development of the framework is consonant with the 
aim of design-based research to develop a flexible, adaptive and 
generalisable theory to better understanding a teaching domain where 
promise is not seen to match current reality. The framework may also 
inform emergent approaches to STEM (Science, Technology, Education 
and Mathematics) in education. 
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INTRODUCTION  
The research and policy pertaining to technology education resonate with common themes of 
newness and promise. Here is a new subject to upset the habitus of schooling and the traditional or 
well-known practices of teaching more established subjects such as Mathematics and Science. Both 
research and policy are couched in a rhetoric of what Technology education can potentially deliver, in 
terms of creativity, autonomy, problem solving and informed citizenship. This is encapsulated in a call 
for “technological literacy for all” (Rasinen, 2003) and in the statement that Technology, as a school 
subject: 
… prepares students to participate in tomorrow’s rapidly changing technologies. They learn to 
think and intervene creatively to improve quality of life. The subject calls for students to 
become autonomous and creative problem solvers, as individuals and members of teams. 
They must look for needs, wants and opportunities and respond to them by developing a 
range of ideas and making products and systems. They combine practical skills with an 
understanding of aesthetics, social and environmental issues, function and industrial 
practices. As they do so, they reflect on and evaluate past and present design and 
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technology, its uses and effects. Through design and technology, all students can become 
discriminating and informed users of products, and become innovators. 
(Nuffield Foundation, 2007, p. 3) 
 
Further to this are the bold promises that Technology education – as in the Norwegian school 
curriculum - will deliver contextualised understandings of Science, Mathematics and Arts and Crafts. 
This promise is frequently justified through those definitions of “technology” where it is described as 
either the application of these independent domains or, more contentiously, as their antecedents.  
That is, technology can be seen to precede science: that is, where ancient pulleys or similar 
mechanical devices were called upon as evidence for or inspired formalisation of later “laws” of 
physics. It could similarly be asked if the trial and error design of a bicycle lead to better 
understandings of torque or was it the other way around. Is necessity the mother of invention?  Some 
(see Feenberg, 2002) argue persuasively that technology is its own domain while others, more 
conciliatorily, offer that science and technology sit within a symbiotic partnership (see Bungum, 2006). 
The lack of resolution in this debate, however, has impacted on contemporary syllabuses by creating 
a school subject that tries to be everything for everyone. 
 
Within current discussions of Technology education, little is said of what actually happens in the 
Technology Education classroom outside of localised contexts or little guidance as to how teachers 
might create and maintain the kind of positively scaffolded learning environment where Technology’s 
latent potential for affective development, contextualising of content knowledge, and application of 
practical skills can be realised. The pedagogy of technology education and how what we see in our 
current classroom practice can be analysed is curiously missing from contemporary commentary. And 
yet, attention to what teachers actually do is critical to the subject and the realisation of its goals. 
Teachers in the Technology classroom have been described as the “active agents in the perceived 
and operational level of curriculum, that is, the transition between the intentions of education and its 
recipients” (Bungum, 2006, p. 33). 
 
This paper will offer a framework to analyse and inform current Technology teaching practice drawn 
from selected research. It is offered with the caveat that it is very much an initial and interim 
theoretical mapping and we fully expect that it will change once we begin to apply it to the real 
examples which emerge from a large-scale project we are currently undertaking in North Norway 
(funded by the Norwegian Research Council). A stepwise re-mapping will be undertaken as a 
necessary precursor to describing a genuine and generalisable pedagogy of Technology Education. 
 
METHOD 
The methodological process adopted here fits within design-based research that is “conceived not just 
to meet local needs, but to advance a theoretical agenda, to uncover, explore, and confirm theoretical 
relationships” (Barab & Squire, 2004, p. 5). The intention is to develop: 
… contexts, frameworks, tools and pedagogical models consistent with and to better 
understand emerging pedagogical theories or ontological commitments … .  In these 
contexts, the research moves beyond simply observing and actually involves systematically 
engineering these contexts in ways that allow us to improve and generate evidence-based 
claims about learning. 
(Barab & Squire, 2004, p. 2) 
 
While governed by a formal methodology, the operational development of the framework closely 
represents a bricolage (after Lévi-Strauss, 1962/1966), a term derived from the French verb “bricoler” 
meaning “to tinker” in order to make creative use of available materials (regardless of their original 
purpose). Its bringing together of extant theories from diverse disciplines tempered by experience and 
observation, is an adoption of the same time-honoured Technology approach of developing a theory 
from the “trial and error” artefact rather than developing practice solely from theory. Lévi-Strauss 
(1962/1966) explained that when a bricoleur begins to work: 
… [the] first practical step is retrospective. … [The bricoleur] has to turn back to an already 
existent set made up of tools and materials, to consider or reconsider what it contains and, 
finally and above all, to engage in a sort of dialogue with it and, before choosing between 
them, to index the possible answers which the whole set can offer to his problem. …and the 
decision as to what to put in each place also depends on the possibility of putting a different 
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element there instead, so that each choice which is made will involve a complete 
reorganization of the structure, which will never be the same as one vaguely imagined nor as 
some other which might have been preferred to it. (pp. 18-19) 
 
A bricolage – such as the framework presented in this paper - is not idle tinkering. Its development 
represented a continuous and iterative progression towards a goal, that is, in “the continual 
reconstruction from the same materials, it is always earlier ends which are called upon to play the part 
of means: the signified changes into the signifying and vice versa” (Lévi-Strauss, 1962/1966, p. 21). 
The framework is both an ends and a means in defining and mapping teacher practice in Technology 
Education. In this paper, it is firstly presented as an “end” – a synthesis of published research and 
observation. It is then applied as the “means” for the analysis of selected vignettes from Technology 
classrooms. One purpose has iteratively refined and informed the other. 
 
It is intended that the framework will be used in further analysis of data from the research in North 
Norway with one observed sequence being used in this paper to illustrate the dimensions of the 
framework. This developmental process will see changes or adaptations in the framework itself as 
other aspects, such as the role of domain content, will be investigated.  
 
Teaching in a Technology classroom 
The framework, presented in Figure 1, can be seen, at its simplest, as a set of interdependent 
dimensions each with a continuum allowing the mapping of the dimension. While detailed in the 
following text, the framework can be initially “read” from left to right. The far left is portrayed as being 
a closed or teacher-centred environment where students naively imitate teachers’ actions and where 
the teacher is “expert.”  The shaded block in the centre demarcates what might optimally occur in the 
classroom. Progression here is iterative rather than linear as teachers and students move back and 
forth according to what is needed at a particular time. The far right – which on occasions extends 
beyond the “classroom” into lifelong learning – is student-centred where learning is based on dialogue 
and the teachers’ role has been facilitative rather than didactic. 
 
 
 
Figure 1: Technology practice framework 
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Reading the framework in Figure 1 vertically, that is, from top to bottom, reveals the interdependent 
dimensions of the framework. They are presented diagrammatically as four discrete layers – two 
within and two outside of a bounded area that encompasses the dynamics and observable behaviours 
of the Technology classroom.  
 
Outside the bounded area are (i) technology focus, and (ii) pedagogical practice. These are pushed to 
the outside as they are deemed to be governing dimensions that act as both outcomes and agents in 
the behaviours contained within the bounded section. Each dimension is represented as a continuum. 
Encased within the top bounded section is the student behaviours dimension which has both practical 
and theoretical aspects - an acknowledgment of the particular doing/knowing paradox of technology 
education. The second dimension in the bounded section is teacher practice. This has three 
tentatively-named subsections: control, dialogic and practical with the latter two figuratively linked to 
more fully explain teachers’ communication.  
 
The interdependence within the dimensions can be explained simply: what students ‘do’ is what is 
typically allowed, encouraged or afforded by teacher practice; what teachers ‘do’ is governed by their 
technology focus which is unconsciously grounded in teacher beliefs and philosophies of technology. 
The observed pedagogy is, as noted, both an outcome and an agent of what takes place in a 
Technology classroom. The following discussion will deconstruct the components of the framework 
and explain them in terms of Technology Education. 
 
1. Technology focus  
 
Figure 2: Technology focus continuum 
 
The ‘Technology focus’ continuum (Figure 2) indicates a graduated distinction between the “product” 
and the “process.” Technology is about making products but a sole focus on ‘product’ would place 
Technology within the artisan tradition where what matters most is the artefact created. A focus on 
‘process,’ that is on the informed decision-making that underlies technological design and the making 
of products, places Technology in closer cognitive connection to mathematical, scientific or aesthetic 
principles. In reality, this continuum is the least linear and most complex of those presented as 
students wrestle with technical and design problems in both intellectual and practical ways.   
 
The intent of published Technology curricula varies between countries and consequently the 
technology focus will also differ. Still, all extant curricula appear to emphasise the more cognitive 
aspects, that is, the process of technology rather than merely the creation of products.  For example, 
the previously cited statement, based on the UK curriculum, offers that students should: 
i. become autonomous and creative problem solvers, as individuals and members of teams.  
ii. look for needs, wants and opportunities and respond to them by developing a range of ideas 
and making products and systems.  
iii. combine practical skills with an understanding of aesthetics, social and environmental issues, 
function and industrial practices. 
(Nuffield Foundation, 2007, p. 3, emphases added) 
 
Despite this stated intent, Nicholl and McLellan (2009), however, discovered little challenge or 
autonomy in students’ Technology experiences with students typically commenting that “cos you just 
have to make a box out of wood and follow instructions’ (p. 224) and “they all came out exactly the 
same, unless you made a mistake” (p. 225). The conclusion was that teachers were focussing on the 
product or technological artefact and adopting a transmission model of teaching rather than 
encouraging “process” or a cognitive synthesis of science or maths or other discipline knowledge.  
 
The indecision or inability to balance the focus between product and process may well be connected 
to the “newness” of the subject. It may also be attributable to the complexity of implementing a new 
curriculum which Bungum (2006), drawing on the work of Goodlad (1979), outlined in terms of what 
students should ‘acquire’ in the classroom: 
 5
These comprise an ideological as well as a formal curriculum, where the formal curriculum is 
the curriculum documents that guide work in school. When a formal curriculum is to be put 
into practice in schools, its meaning and the underpinning intentions are interpreted by 
teachers and other agents engaged with work in schools, such as textbook writers. Their 
interpretation of the curriculum is denoted the perceived curriculum, while the operational 
curriculum refers to how teachers realize the curriculum in their teaching. The way the 
receivers of the curriculum, that is the pupils, interpret and experience the teaching represents 
the final curriculum level denoted the experiential curriculum. (p. 33) 
 
This disparity between intention and reality is noted in the following student comment reported by 
Nicholl and McLellan (2009): Guess what we did last lesson? We copied joints out of a textbook. Then 
guess what we did next lesson. We made the joints! What’s the point in that? (male, 14) (p. 225, 
emphases added). The teacher of this class has arguably realized the curriculum by using a textbook 
exercise and following a seemingly systematic technological process of moving from a drawing to the 
making of an artefact. The student perceives this as a pointless activity where the focus is on the 
products: the drawing copied from a book, and the object. The teacher – and the original author of the 
textbook - may think this is about process, but the student does not. If this activity has occurred 
without due discussion of the what, why and how of the design and construction of the joint, then the 
activity is futile. It becomes “busy work” to produce a tangible product.  
 
2. Pedagogy 
 
 
Figure 3: Pedagogy continuum 
 
The Pedagogy continuum (Figure 3) has two diametrically opposing practices at its polar ends. At the 
instructivist/didactic end, the focus is on the teacher and the information that is transmitted to the 
student. The process is simple – the teacher talks and the student listens. When the student does 
speak, it is to repeat back verbatim what the teacher has said. When the student acts, it is to replicate 
a learnt skill. Practice and testing ensure that the instruction has been learnt correctly or information 
recalled in full. Instructivism is conceptually linked to behaviourism and to the idea that knowledge is 
external to the learner and can be transmitted from one person to another. It is synonymous with a 
transmission model of teaching and learning.  
 
At the other end of the continuum lies a constructivist and/or constructionist approach. There is a 
reversal of roles here between the student and the teacher. A constructivist teacher takes the role of a 
facilitator rather than that of the didact or pedagogue central to instructivist approaches. 
Constructivism, drawn from Piagetian concepts, views learning as an active process of ’constructing’ 
knowledge and meaning from personal experience (Duffy & Cunningham, 1996).  At its simplest, it 
casts learning as a highly individual and idiosyncratic process which may be applied in a practical 
real-world contexts (Vosniadu, 1996). An extension of constructivism, labelled Constructionism is of 
interest to the study described in this paper. This is a theory promoted by Seymour Papert in which 
Constructivism + technology = constructionism.  The technology serves to make learning visible – 
what the student ’builds’ is a tangible expression of their theoretical knowledge and practical dexterity. 
The built artefact may become the stimulus for students to consolidate theoretical understandings. It 
may similarly become a stimulus for others who understand a concept when it is demonstrated in 
action. 
 
The movement along the Pedagogy continuum replicates ”the change that some have called a 
’transmission’ pedagogy to a ’co-constructivist’ pedagogy … [where] teachers use their knowledge 
and understanding to elicit and bring on students’ knowledge” (Morgan, Williamson, Lee, & Facer, 
2007, p. 28). The observable behaviours in a constructivist environment were identified by Hodson 
and Hodson (1998) as being:   
a. identifying students' views and ideas;  
b. creating opportunities for students to explore their ideas and to test their robustness in 
explaining phenomena, accounting for events and making prediction;   
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c. providing stimuli for students to develop, modify and where necessary, change their ideas and 
views; and,   
d. supporting their attempts to re-think and reconstruct their ideas and views.  
 
3. Student Behaviours 
Parkinson and Hope (2009) argued that “whatever kind of field of knowledge technology may be, it 
may be said to be essentially a doing field, but what kind of ‘doing,’ and is this ‘doing’ a form of 
knowledge?”(p. 255). This knowing-doing duality is expressed in the framework as (i) practical 
(psychomotor) (see Figure 4), and (ii) theoretical with the implicit understanding that these are 
interdependent dimensions. 
 
(i) Practical activity (a taxonomy of psychomotor skill) 
 
 
Figure 4: Practical activity continuum (based on Dave, 1967) 
 
Much of technology practice is purely physical and, therefore, a means of describing this is needed. 
This practice may be where a teacher demonstrates a process for students to copy or use or it may 
be where one student manipulates material to construct an artefact as a solution to a set problem. 
Table 1 presents an existing taxonomy of the psychomotor domain (Dave, 1967) which may be 
applied to the mapping of the hands-on activities of Technology education.  
 
Table 1 
Psychomotor Domain Taxonomy (Dave, 1967) 
 Category Behaviour descriptions Examples of activity 
and evidence to be 
measured 
'Key words' (verbs 
which describe the 
activity) 
1 Imitation copy action of another; 
observe and replicate 
watch teacher or trainer 
and repeat action, 
process or activity 
copy, follow, replicate, 
repeat, adhere 
2 Manipulation reproduce activity from 
instruction or memory 
carry out task from 
written or verbal 
instruction 
re-create, build, 
perform, execute, 
implement 
 
3 Precision execute skill reliably, 
independent of help 
perform a task or 
activity with expertise 
and to high quality 
without assistance or 
instruction; able to 
demonstrate an activity 
to other learners 
demonstrate, complete, 
show, perfect, calibrate, 
control, 
4 Articulation adapt and integrate 
expertise to satisfy a 
non-standard objective 
relate and combine 
associated activities to 
develop methods to 
meet varying, novel 
requirements 
construct, solve, 
combine, coordinate, 
integrate, adapt, 
develop, formulate, 
modify, master 
5 Naturalisation automated, 
unconscious mastery of 
activity and related 
skills at strategic level  
define aim, approach 
and strategy for use of 
activities to meet 
strategic need 
design, specify, 
manage, invent, 
project-manage 
 
(ii) Theoretical – naivety to immersion 
We believed that a continuum was needed to describe the previously cited notion of the “doing” 
component of technology as “a form of knowledge” (Parkinson & Hope, 2009, p. 255). We decided, 
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based on project observations to date, to cast this simply as a continuum from naivety to immersion, a 
journey from not knowing to an action being a natural extension of human activity.  
 
There are numerous examples in everyday life to support this ranging from learning to drive to 
watching the difference between a novice tennis player and a Grand Slam champion. Similarly, there 
is a well-founded research base in identifying distinctions between experts and novices (see, for 
example, Chi, Glasser, & Rees, 1982; Simon & Gilmartin, 1973). 
 
The theoretical component is connected to and demonstrated by practical activity. There is arguably 
as little division between thought and action in the champion athlete as there is with a highly skilled 
artisan or technologist. The conscious intervention used in training athletes where actions are 
analysed or critiqued provides an interesting analogy to a technology classroom where a young 
student is asked to verbalise their design decisions or articulate a scientific, mathematical or aesthetic 
premise embedded within a built artefact.  
 
 
4. Teacher Practice 
It is important to preface the discussion of teacher practice with a reminder of the newness of 
Technology as a subject in schools and, as a consequence, the absence of a pedagogical tradition or 
habitus in the school setting. It has been noted that: 
… teachers lack exposure to an apprenticeship of observation with regards to what 
constitutes the nature of this subject. This means that teachers do not bring with them a 
shared culture of experiences, beliefs and expectations of the meaning of technology as a 
component of general education. In that sense one could expect that teachers will be more 
open to new ideas and that they represent an opportunity for forming new frames specific for 
technology as a new subject of teaching.  
(Bungum, 2006, p. 34) 
 
This means, that technology education does not have the pedagogical patterns evident in more 
established subject domains. Technology teachers are therefore required to draw from what is known 
to what is unknown.  Teacher practice is here described in terms of (i) control, and (ii) dialogic and (iii) 
practical behaviours. 
 
(i) Control 
Control is a critical component of classroom dynamics and there has been a growing shift in recent 
times from a teacher- to student-centred control (Figure 5). While control may shift between and 
within classroom activities and the question has arisen of whether teacher control leads to more 
effective outcomes (Nordbendo, et al., 2010), there tends to be quite clear social practices in 
classrooms which indicate where (and with whom) control lies. 
 
 
 
 
Figure 5: Control continuum (based on Scott et al., 2006, p. 611) 
 
Of particular use in defining and mapping teacher practice in Technology Education is the typology 
offered by Scott, Mortimer and Aguiar (2006) which offered four classes of communication in a 
Science classroom. These classes, which have a clear link to the discourse analysis previously 
discussed in this paper, are summarised in Figure 6. 
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 Interactive Noninteractive 
Dialogic A: Interactive/Dialogic B. Noninteractive/Dialogic 
Authoritative C: Interactive/Authoritative D: Noninteractive/Authoritative 
 
Figure 6: Four classes of communication in a science classroom (Scott et al., 2006, p. 611) 
 
In the Scott et al. (2006) typology, communication is positioned in one of four classes based on two 
continua: interactive-non-interactive, and dialogic-authoritative. When shifted from a Science to a 
Technology classroom, interactive indicates that more than one person is talking or acting while 
noninteractive indicates either a monologue or broadcast (typically the teacher speaking while the 
class is listening) or a practical demonstration of a particular skill.  
 
Communication is deemed as being dialogic where differing ideas and approaches are acknowledged 
and a genuine exchange of ideas takes place. This is in contrast to authoritative communication 
where the teacher’s view is dominant and the students’ view is typically disregarded or 
countermanded. In a technology classroom, this extends to acceptance of divergent and convergent 
solutions to set tasks through processes of scaffolding. To categorise scaffolding in a technology 
classroom, advice may be taken from Masters (2005) where a doctoral study of teacher scaffolding of 
students in an ICT (information communication technology) learning environment, identified 66 
teacher behaviours within four core domains: cognitive, operational, technical and emotional. 
 
Both Scott et al. (2006) and Masters (2005) acknowledge that no single pattern of interaction is 
adopted in a learning event. Teachers adapt their interaction and level of intervention many times as 
students move through differing stages of learning or project development. In many cases, this would 
appear to be unconscious or intuitive. What is arguably needed are technology guidelines, where 
teachers would have appropriate models of behaviour to adopt. 
 
 
(ii) Dialogic practice (teacher talk) 
 
 
Figure 7: Dialogic practice continuum (based on Alexander, 2001) 
 
Alexander (2001) in a comprehensive international study noted five categories of “teacher talk” 
observed in use in classrooms (Figure 7): 
 rote: the drilling of facts, ideas and routines through constant repetition; 
 recitation: the accumulation of knowledge and understanding through questions designed to 
test or stimulate recall of what has been previously encountered, or to cue pupils to work out 
the answer from clues provided in the question; 
 instruction/exposition: telling the pupil what to do, and/or imparting information and/or 
explaining facts, principles or procedures 
 discussion: the exchange of ideas with a view to sharing information and solving problems 
 dialogue: achieving common understanding through structured, cumulative questioning and 
discussion which guide and prompt, reduce choices, minimise risk and error, and expedite 
‘handover’ of concepts and principles. 
 
(iii) Practical (psychomotor) activity  
The categories outlined in the previous section provide us with a simple validated framework for 
denoting spoken interactions in a general classroom. In a technology classroom, however, the spoken 
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word frequently gains its meaning from its accompanying physical or practical actions. Here, for 
example, teachers are frequently engaged in practical activity which mimics, guides and tests 
students’ design and construction of artefacts. The types of physical actions included in the 
framework offered in this paper are (i) demonstration, (ii) modelling, and (iii) examining.  
 
While, as noted, these actions are self-evident, they gain in meaning by the associated “teacher talk” 
(see Figure 8). For example, rote teacher talk typical accompanies a straightforward demonstration. 
This may be where a teacher introduces a new skill or process and, perhaps for safety reasons, 
students are required to passively watch and listen. Where “modelling” is accompanied by exposition, 
a teacher may be describing an alternative means of construction. Where it is accompanied by 
discussion, the teacher may be eliciting student ideas into how a particular process may continue. 
“Examining” is where a teacher may hold or manipulate an artefact built by a student in order to test 
its effectiveness or perhaps to help a student to troubleshoot a particular problem. Where this is 
accompanied by dialogue with a student, it may serve as a genuine reflection or articulation of 
learning.  This dialogue allows students an ownership or involvement in the design process that may 
allow them to complete or initiate a project. 
 
 
Figure 8: Dialogic practice continuum enhanced by practical activity (based on Alexander, 2001) 
 
DISCUSSION AND CONCLUSION 
The main purpose of this paper was to present our initial mapping of a Technology practice 
framework which, in accordance with the previously cited call from Barab and Squire (2004), will 
hopefully help us to “better understand emerging pedagogical theories or ontological commitments” 
and to “allow us to improve and generate evidence-based claims about learning” (p. 5) in the context 
of Technology education. The initial framework we have presented here is a bricolage with four main 
dimensions: (1) technology focus, (2) teacher behaviours, (3) student behaviours, and (4) pedagogy. 
It embraces existing proven typologies, particularly in describing teacher behaviours.  
 
When we begin to apply this framework to observed practice, we fully expect that our mapping will 
change. We may find that what we have shown as straight lines (in two dimensions) might have a 
totally different trajectory. For instance, some may be better shown as broken lines or need to spiral to 
show iteration. We might find that the labels we have chosen for dimensions may be ambiguous or 
perhaps have negative connotations. In a future revised framework, some dimensions may disappear 
altogether or become subsumed by others. The shaded area – which we used to demarcate 
classroom practice – may move to encompass some elements or shrink to move others outside of its 
purview.  
 
This is very much a beginning to map Technology education practice. We understand the limitations 
of two-dimensional models and are wary of claims of universality. This model, in its current form, is 
ambitious and idealistic. Above all else, it is also interim but, we hope, may begin to help teachers 
begin to reflect on their own practice and start to define the emerging domain of Technology 
Rote Discussion Exposition Dialogue 
Demonstration Modelling Examining 
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education. It may also hold important lessons for the emergent STEM agenda that seeks to bring 
together understandings from the disciplines of Science, Technology, Engineering and Mathematics. 
 
 
References 
Alexander, R.J. (2001). Culture and pedagogy: International comparisons in primary education. Oxford: Blackwell 
Publishers. 
Barab, S., & Squire, K. (2004). Design-based research: Putting a stake in the ground. Journal of the Learning 
Sciences, 13(1), 1–14. 
Bungum, B. (2006). Transferring and transforming technology education: A study of Norwegian teachers’ 
perceptions of ideas from Design and Technology. International Journal of Technology and Design Education, 
16, 31–52. 
Chi, M. T. H., Glasser R., & Rees, E. (1982). Expertise in problem solving. In R. J. Sternberg (Ed.), Advances in 
the psychology of human intelligence (Vol. 1, pp. 7–75). Hillsdale, NJ: Erlbaum. 
Dave, R. (1967). Psychomotor domain. Berlin: International Conference of Educational Testing. Retrieved June 
10, 2010, from http://www.edpsycinteractive.org/topics/behsys/psymtr.html 
Duffy, T.M., & Cunningham, D.J. (1996). Constructivism: Implications for the design and delivery of instruction. In 
D.H. Jonassen (Ed.), Handbook of Research for Educational Communications and Technology (pp. 170-198). 
New York: McMillan Library Reference. 
Feenberg, A. (2002). Critical theory of technology (2nd ed.). Oxford: Oxford University Press. 
Hodson D., & Hodson J. (1998). From constructivism to social constructivism: A Vygotskyan perspective on 
teaching and learning science. School Science Review, 79(289), 33-41. 
Lévi-Strauss, C. (1962/1966). The savage mind (La pensée sauvage). Oxford: Oxford University Press.  
Masters, J. (2005) Teachers scaffolding children working with computers: An analysis of strategies. Unpublished 
thesis, Queensland University of Technology. Retrieved June 11, 2010, from http://eprints.qut.edu.au/16118 
Morgan, J., Williamson, B., Lee, T., & Facer, K. (2007). Enquiring minds. Bristol, UK: Futurelab. 
Nordenbo, S.E., Holm, A., Elstad, E., Scheerens, J., Søgaard Larsen, M., Uljens, M., Fibæk Laursen, 
P., & Hauge, T.E. (2010). Input, process, and learning in primary and lower secondary schools: A 
systematic review carried out for The Nordic Indicator Workgroup (DNI). Retrieved October 8, 
2010, from http://www.udir.no/upload/Forskning/2010/faktorer_laring_clearinghouse.pdf 
Nicholl, B., & McLellan, R. (2009). ‘This isn’t my project [work]. It’s ... just do it ...you just do research.’ In A. Jones 
& M.J. de Vries (Eds.), International handbook of research and development in technology education (pp. 
223-232). Rotterdam: Sense. 
Nuffield Foundation. (2007). The promise of design and technology. Design & Technology KS3 Teacher’s Guide. 
Retrieved April 25, 2010, from http://www.secondarydandt.org/data/files/tg1-399.pdf 
Parkinson, E., & Hope, G. (2009). Conceptual learning in and through technology. In A. Jones & M.J. de Vries 
(Eds.), International handbook of research and development in technology education (pp. 255-264). 
Rotterdam: Sense. 
Rasinen, A. (2003). An analysis of the technology education curriculum of six countries. Journal of Technology 
Education, 15(1), 31-47. 
Scott, P. H., Mortimer, E. F. & Aguiar, O. G. (2006). The tension between authoritative and dialogic discourse: A 
fundamental characteristic of meaning making interactions in high school science lessons. Science 
Education, 90 (4), 605-631. 
Simon, H. A., & Gilmartin, K. J. (1973). A simulation of memory for chess positions. Cognitive Psychology 5, 29–
46. doi:10.1016/0010-0285(73)90024-8. 
Smith, H. A. (1979). Nonverbal communication in teaching. Review of Educational Research, 49(4), 631-672.  
Vosniadu, S. (1996). Towards a revised cognitive psychology for new advances in learning and instruction. 
Learning and Instruction, 6(2), 95-109. 
 
Acknowledgments 
The authors would like to thank Mr Shane Skillen, Brisbane Girls’ Grammar for his input into an early version of 
the framework and Associate Professor Dag Atle Lysne from NTNU, Trondheim, for his ongoing and valued 
critique and support. We would also like to thank the Norwegian Research Council for project funding.  
 
